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Abstract
Clinician numeracy (CN), the ability to use and understand quantitative data in patient care, is an important
skill for healthcare professionals. Nonetheless, it is recognized that many healthcare professionals, including
doctors, have deficiencies in CN, and that this may affect patient safety. In our previous research using the
Medical Interpretation and Numeracy Test (MINT), we found that many doctors in training in the UK had
low CN. However, participants were not permitted to use calculators when taking the MINT, even though
staff has access to calculators in clinical practice. Therefore, our original study may have underestimated
doctors’ CN, compared to their ability in clinical practice.
We designed a randomized controlled trial to assess the impact of calculators on MINT score. We recruited
110 third-year medical students to participate in the study. Our results show that having access to a calculator
had no impact on test scores. We consider that this is due to two factors: (1) CN is a complex construct that
involves problem-solving and analysis, skills that are not improved by using calculators; (2) errors made by
participants in our study are predominantly errors of understanding rather than calculation errors. We suggest
that participants taking CN tests should have access to calculators as they would do in the workplace. We
recognize that further research is needed, but suggest that educational interventions to improve CN should
primarily be directed at improving understanding of mathematical concepts rather than focusing on
calculation skills.
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Introduction 
Clinician numeracy (CN) is the ability of healthcare professionals “to use 
numbers and numeric concepts in the context of taking care of patients” (Caverly 
et al. 2012). CN is important across the spectrum of clinical work for doctors, 
from routine tasks such as calculating drug doses to medical decision making. It is 
thus essential to patient safety (Lesar et al. 1997; Hughes and Edgerton 2005; 
Gigerenzer et al. 2007; Coben and Weeks 2014; Williams and Walker 2014).   
There is evidence, however, that many medical students and doctors have 
difficulty in calculating drug doses (Rowe et al. 1998; Selbst et al. 1999; Wheeler 
et al. 2007; Simpson et al. 2009; Harries and Botha 2013). There is also evidence 
that they may struggle to understand medical data underpinning clinical treatment 
options (Gigerenzer et al. 2007; Windish et al. 2007; Rao and Kanter 2010; 
Gigerenzer and Gray 2011; Moyer 2012; Johnson et al. 2014; Malhotra et al. 
2015).  
That medical students and doctors may struggle with drug dose calculation is 
clinically important, because medication errors are common and a significant 
cause of morbidity and mortality worldwide. It is estimated that there are 
approximately 240 million medication errors annually in the NHS in England 
(Elliott et al. 2018), while adverse drug events are estimated to cost almost $20 
billion annually in the US (da Silva and Krishnamurthy 2016). The World Health 
Organisation (WHO) has launched a global challenge to reduce the incidence of 
medication-related harm by 50% over five years (WHO 2017).  
Drug dose calculation errors are a cause of medication error and have been 
researched extensively in the nursing literature (Johnson and Johnson 2002; 
Hutton et al. 2010; McMullan et al. 2010; Wright 2010; Sabin et al. 2013; 
McDonald et al. 2013; Weeks et al. 2013a, b, c; Young et al. 2013; Coben and 
Weeks 2014; Fleming et al. 2014; Bagnasco et al. 2016). However, there has been 
little research on drug dose calculation skills of medical students and doctors, 
perhaps due to the assumption that entry to medical school assures good 
numeracy (Rowe et al. 1998; Simpson et al. 2009; Harries and Botha 2013). 
Assessing Clinician Numeracy 
Assessment of CN in medical students would have many potential uses, including 
selection, formative assessment to identify areas of learning difficulty, and 
summative assessment for progression decisions. Assessing CN would be 
particularly salient if low CN was associated with difficulties in clinical practice. 
In order to measure CN in medical students and doctors, we previously developed 
an assessment of CN, the Medical Interpretation and Numeracy Test (MINT). The 
MINT is a 43-item assessment with questions testing computational, analytical, 
and statistical numeracy (Taylor and Byrne-Davis 2016). Our research using 
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 MINT adds to the evidence demonstrating that medical students and doctors may 
have deficiencies in CN (Taylor and Byrne-Davis 2017).   
The participants in our earlier study, however, did not have access to 
calculators, so it is possible that our finding of low CN on the MINT might not 
translate to difficulties in clinical practice, where calculators are readily available. 
Not all numeracy questions require calculators. Close et al. (2008) classified 
numeracy questions as calculator-appropriate (complex calculations), calculator-
optional (where it is unnecessary but not unreasonable to use a calculator), and 
calculator-inappropriate (simple calculations that can be answered readily either 
mentally or with pen and paper). Questions that are important in determining 
overall CN, such as data interpretation questions, would also be classified as 
calculator-inappropriate. In our previous research with the MINT, we considered 
that calculators would be unnecessary, as its content was largely calculator-
inappropriate. Calculators would not help with analytical questions, involving the 
interpretation of data presented in charts and graphs, for example, or with 
statistical questions, testing clinical mathematical reasoning. Furthermore, most 
computational questions in the MINT were straightforward, and based on 
numbers that would be easy to manipulate either mentally or using pen and paper. 
On this basis, we originally classified only one of our 43 questions, a complex 
calculation, as calculator-appropriate. 
On the other hand, we recognise that there may be a significant overlap 
between the various numeracy constructs, and the idea that questions classified as 
primarily “analytical” or “statistical” may also have significant computational 
elements (Golbeck et al. 2005). Therefore, our original classification of questions 
as calculator-appropriate or not may have been inaccurate: many MINT questions, 
whether computational, analytical or statistical, involve multiple steps and 
calculations, and so they could be considered to be either calculator-optional or 
calculator-appropriate.  
We reviewed our test material, classifying all 18 computational questions, 
along with three analytical and two statistical questions as either calculator-
appropriate or calculator-optional. We considered the remaining 20/43 questions 
to be calculator-inappropriate. Therefore, the lack of access to calculators in our 
initial research with the MINT may have resulted in an underestimate of CN in 
doctors compared to the real-life clinical situation where calculators are readily 
available. Thus, in that case, our previous finding of low CN in doctors would be 
less relevant to clinical practice, and could also mean that the MINT had lower 
construct validity.  
To test the hypothesis that using calculators would improve MINT scores, we 
conducted a randomized controlled trial of the effect of calculators on clinician 
numeracy, comparing MINT scores in medical students randomly allocated to 
having or not having a calculator. 
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 Methods  
Study design 
The study was a randomized controlled trial. Participants were randomly allocated 
into one of two groups: group C, who received calculators, and group N, who did 
not. Ethical approval for the study was obtained from the University of 
Manchester (UoM) Research and Ethics Committee (UREC). 
Participants 
Participants were third-year medical students studying at a single institution in 
England. The MINT was incorporated into the formative mid-year assessments 
for these students. All students in the year group were eligible for entry to the 
study. One month prior to the formative assessment, these students attended a 
teaching session on clinician numeracy and its importance for healthcare 
professionals and were given preliminary information about the study. Further 
information and an invitation to participate in the research were sent by email. 
Interventions 
The Medical Interpretation and Numeracy Test (MINT) is an assessment of 
clinician numeracy, consisting of 43 questions, testing computational, analytical 
and statistical constructs; it has high internal consistency reliability as measured 
by a Cronbach’s alpha score of 0.868 (Taylor and Byrne-Davis 2016). The MINT 
is available as a multiple-choice test, and in a short answer (constructed response) 
format. For this study, we used the constructed response format.  
Outcomes 
The outcome measure was the mean score of participants in groups N and C. We 
also measured the facility of each test item for participants in groups N and C. 
Sample size 
In order to calculate the sample size required for the trial, we considered the 
previous mean and standard deviation of the MINT in similar participant groups. 
The mean MINT score achieved by participants in a previous study was 32.76/43 
with a standard deviation of 6.64 (Taylor and Byrne-Davis 2017). We considered 
that a change of up to 2 marks (less than 5 percentage points) might represent 
normal variation (a “good” vs. “bad” day for an individual), but that a change in 
score of 4 marks (almost 10 ppt) would demonstrate that an intervention had had a 
positive effect. With a minimum difference to be detected of 4 marks, and a 
standard deviation of 6.64, a type 1 error rate of 0.05, and a type 2 error of 0.2, we 
calculated that 88 participants (44 in each group) would be required (online tool 
for sample size calculation: Brant n.d.). 
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 Randomization 
We invited 116 students to participate in the study; therefore, a list of potential 
participants was made, with study identification (ID) numbers from 1 to 116. A 
table of random numbers was used to allocate the ID numbers into study groups C 
(calculator) and N (no calculator). Test answer sheets were prepared, and recorded 
the study ID number and group allocation code “C” or “N”. 
Allocation concealment. The test answer sheets were placed in a brown A4 
envelope, alongside the MINT paper, a pencil and an eraser. Basic pocket 
calculators were added to test envelopes for test papers coded “C”. All envelopes 
were sealed. Because the calculators were small and flat, envelopes containing 
calculators appeared similar to those containing only a pencil and eraser. The 
study envelopes were randomly distributed on desks in the examination room, and 
participants were allowed to select their own seats. Therefore, neither the 
researcher nor the participants were aware of group allocation until the test 
commenced, and participants opened their envelopes. 
Implementation.  The test was carried out under examination conditions, with 90 
minutes to complete the test. Once the test was completed, participants returned 
all test materials to the study envelopes. Participants were aware of the hypothesis 
that using a calculator would improve test score; those allocated to group N were 
given the option to request a calculator. When students opted to change their 
allocation, the coding on their answer sheets was changed accordingly, and this 
change was recorded. 
 
Statistical Methods 
 
Data were analysed in Microsoft EXCEL, and an online statistical tool (MedCalc 
Software bvba (BE) a, b). We described the distribution of scores for each group, 
and then used Student’s t-test to compare the means of participants in the two 
main study groups (N and C); the primary analysis relates to the intent-to-treat 
group allocation. We also analysed data relating to the final (per-protocol) group 
allocations.  
We assessed the magnitude of the difference associated with use of a 
calculator by calculating the effect size. Because the comparison is of mean test 
scores, it is more appropriate to calculate the absolute effect size rather than using 
an effect size index (Sullivan and Feinn 2012). 
Subgroup analyses. Participants were asked to indicate their gender, as there is 
evidence from a study investigating quantitative literacy in US university students 
that female gender may be associated with lower numeracy (Sikorskii et al. 2011). 
Furthermore, we asked participants whether they had dyslexia because there is 
some overlap between dyslexia and dyscalculia (Gibson and Leinster 2011; 
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 British Dyslexia Association 2017). We recorded these data to ascertain whether 
these attributes were evenly distributed across groups, and if not, to ensure that 
any effects did not confound observed differences between calculator and non-
calculator groups. We performed a logistic regression analysis to assess any 
apparent effect relating to these characteristics. 
Results 
Participants 
Of 116 third-year students, 110 (95%) consented to participate in the study. 
52/110 (47%) of students were allocated to Group C (calculators), while 58/110 
(53%) participants were allocated to Group N (no calculators). Five students who 
had been allocated to Group N requested calculators, and so were reassigned to 
Group C. Recruitment of participants and allocation to study groups is shown in 
Figure 1. 
 
 
  Figure 1. Recruitment and allocation of study participants. 
 
 
 
Full year group
n = 116
Attended formative exam
n = 115
Consented to participate
n =110
Random allocation to 
Group C (intent to treat)
n = 52
Final allocation to Group C
(per protocol) 
n = 57
Random allocation to 
Group N (intent to treat)
n = 58
Re-allocation to Group C 
(per protocol)
n = 5
Final allocation to 
Group N (per protocol)
n = 53
Did not participate
n = 5
Did not attend exam
n = 1
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 Demographic data 
 
Of the 110 participants, 59 (54%) were female and 36 (33%) were male, and 15 
(13%) did not declare their gender. Twelve students (11%) declared a diagnosis of 
dyslexia, 75 (68%) stated that they were not dyslexic, and 23 (21%) did not report 
their dyslexia status (Table 1). (The 23 students who did not comment on their 
dyslexia status include all 15 who did not indicate their gender). 
Table 1 
Demographic Data of Study Groups 
 
N 
Male 
n (%) 
Female 
n (%) 
Unknown 
Gender 
n (%) 
Dyslexia 
n (%) 
No dyslexia 
n (%) 
Unknown 
dyslexia 
n (%) 
Total 110 36 (33%) 59 (53%) 15 (14%) 12 (11%) 75 (68%) 23 (21%) 
Group C* 52 14 (27%) 30 (58%) 8 (15%) 4 (8%) 36 (69%) 12 (23%) 
Group N* 58 22 (38%) 29 (50%) 7 (12%) 8 (14%) 39 (67%) 11 (19%) 
*intent to treat 
Mean scores 
Test scores for all study groups are shown in Table 2, which includes scores for 
the full cohort of 110 participants as well as scores of participants in different 
groups. Although the performance of all groups was similar, the mean scores of 
those who had calculators were higher than mean scores of those without 
calculators. However, statistical analysis using Student’s t-test to compare the 
mean scores of participants in different groups indicated that the apparent 
difference in scores was not significant. The primary analysis is based on 
intention to treat, and thus represents participants whose original allocations were 
to groups C (n=52) and to group N (n=58). There was no statistical difference in 
performance of participants in these groups (difference = 1.9; SE = 0.98; CI95% =  
-0.05 – 3.8; t = 01.9; DF = 108; Sig = ns). 
Table 2 
Test Score: All Groups 
 N Mean (SD) Median Range IQR 
All 110 31.8 (5.2) 33 19-43 29-35 
Group C (intent to treat) 52 32.8 (5.1) 33 19–43 30-36 
Group N (intent to treat) 58 30.9 (5.2) 33 19-41 28-34 
Group C (per-protocol) 57 32.5 (5.2) 33 19-43 29-36 
Group N (per-protocol) 53 31.1 (5.3) 33 19-41 28-35 
*interquartile range 
Table 1 also provides data relating to the per-protocol group allocations: five 
students allocated to group N requested calculators and so were re-allocated to 
group C. Again, there was no statistical difference between the C and N groups 
(difference = 1.4; SE = 1.0; CI95% = -0.58 – 3.38; t = 1.39; DF = 108; Sig = ns). 
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 There was also no difference in performance of those whose original and final 
allocations were to group C (difference = 0.3; SE = 0.98; CI95% = -1.66 – 2.25; t = 
0.3; DF = 107; ns); or to group N (difference = 0.2; SE = 0.99; CI95% = -1.77 – 
2.2; t = 0.201; DF = 109; Sig = ns).  
Effect Size 
The absolute effect size is the difference in the mean scores of Groups N and C. 
Data were analysed using the intent-to-treat groups; thus the absolute effect size 
was 1.9.  
Facility of test items 
In addition to analysing the mean scores of participants in groups C and N, we 
compared performance on individual MINT items to assess whether use of a 
calculator conferred an advantage for individual questions. Raw data show that 
facility was the same for 4/43 questions, was higher in Group C for 29/43 
questions and higher in Group N for 10/43 questions (Table 3).  We used the N-1 
Chi-squared test to assess whether these differences were significant. Because this 
involved conducting 43 individual tests, it was necessary to apply the Bonferroni 
correction (Perneger 1998); therefore, significance p<0.05/43, i.e. a difference 
was significant at the 5% level only if p<0.001. We found a statistically 
significant difference in performance in 2/43 questions: in both cases, participants 
in group C performed better than those in group N. Both questions were 
computational. 
Subgroup Analyses 
 
The mean score of male participants was 34.4/43, while that of females was 
30.5/43; therefore, the effect size is 3.9/43. The mean score of participants with 
dyslexia was 29.3/43, and that for those who were not dyslexic was 32.4/43; the 
effect size is 3.1/43. Logistic regression analysis indicated that the difference 
related to gender was significant (Table 4).  
Discussion 
We found that having a calculator did not affect overall scores on our test of 
clinician numeracy, the MINT. The mean score of Group C was slightly higher 
than that of Group N. The difference was not statistically significant. The absolute 
effect size was 1.9, i.e. participants in Group C had a mean score of 1.9/43 (4.4 
ppt) higher than participants in Group N. We do not think that this is clinically 
important. The study was designed to detect an effect size of 4 (9.3 ppt) (see 
Methods).  
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 Table 3 
Facility of Test Items: Group C v Group N (Intent to Treat) 
Q nbr 
Primary  
construct 
Facility (proportion correct) 
Diff 
(ppt) 
95% CI  Sig All 
n = 110 
Group C 
n = 52 
Group N 
n = 58 
         
25 Computational .96 .96 .97 -1   ns 
20 Computational .95 .96 .93 3   ns 
1 Computational .92 .96 .88 8   ns 
16 Computational .88 1.0 .78 22 11 - 34 12.6 0.0004* 
4 Computational .85 .90 .81 9   ns 
22 Computational .85 .88 .83 5   ns 
12 Computational .84 .88 .81 7   ns 
35 Computational .81 .87 .74 13   ns 
21 Computational .79 .79 .79 0   ns 
43 Computational .78 .83 .74 9   ns 
5 Computational .70 .65 .74 -9   ns 
29 Computational .67 .65 .69 -4   ns 
30 Computational .64 .77 .53 24 6 - 40 6.8 0.009** 
19 Computational .62 .62 .62 0   ns 
40 Computational .57 .56 .55 1   ns 
33 Computational .54 .73 .36 37 18 - 52 15 0.0001* 
2 Analytical 1.0 1.0 1.0 0   ns 
28 Analytical .91 .92 .90 2   ns 
31 Analytical .89 .90 .88 2   ns 
34 Analytical .88 .90 .86 4   ns 
42 Analytical .84 .85 .81 4   ns 
18 Analytical .83 .85 .81 4   ns 
23 Analytical .83 .81 .84 -3   ns 
39 Analytical .83 .88 .78 10   ns 
8 Analytical .69 .69 .69 0   ns 
32 Analytical .64 .73 .55 18   ns 
13 Analytical .60 .63 .57 6   ns 
37 Analytical .54 .56 .50 6   ns 
6 Analytical .52 .48 .55 -7   ns 
24 Analytical .39 .42 .36 6   ns 
38 Statistical .98 .96 1.0 -4   ns 
41 Statistical .96 .96 .97 -1   ns 
7 Statistical .93 .94 .91 3   ns 
36 Statistical .93 .92 .91 1   ns 
17 Statistical .88 .90 .86 4   ns 
10 Statistical .87 .87 .88 -1   ns 
26 Statistical .84 .85 .83 2   ns 
9 Statistical  .77 .83 .71 12   ns 
3 Statistical .58 .52 .64 -12   ns 
11 Statistical .44 .44 .41 3   ns 
14 Statistical .44 .42 .45 -3   ns 
15 Statistical .27 .31 .24 7   ns 
27 Statistical .25 .27 .24 3   ns 
* p< 0.001, therefore, significant at 5% level when the Bonferroni correction is applied. 
** p> 0.001, therefore, not significant at 5% level when the Bonferroni correction is applied. 
 positive value indicates C > N; negative value indicates N > C. 
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 Table 4 
Logistic Regression Analysis of Subgroups 
Independent variable b SE  T Prob 
Calculator 1.7 1.01 1.7 .091 
Dyslexia -3.2 1.638 -1.94 0.56 
Gender -3.9 1.045 -3.75 0.000 
We found little difference in terms of performance on individual questions. 
We had considered that using a calculator might improve performance on the 16 
computational questions in the test; in addition, we classified three analytical and 
three statistical questions as either calculator-appropriate or calculator-optional, 
and so there were 22/43 questions where having a calculator might prove 
beneficial. However, participants who had calculators performed better on only 
two questions: one was a complex calculation; the other simply required 
calculating the mean of four values.  
Because research on the use of calculators in tests of CN is limited to tests of 
drug dose calculation in nursing, with small study samples, it is difficult to 
compare our results to the existing literature. However, the evidence from nursing 
studies is unsettled: some researchers found that using calculators improved 
performance (Shockley et al. 1989; Bliss-Holtz 1994), while others observed little 
or no impact (Murphy and Graveley 1990; Tarnow and Werst 2000). 
Interestingly, there is some debate in the nursing literature about whether to 
permit the use of calculators in drug dose calculation tests; for example, 
McMullan et al. (2010) argue that calculators should not be allowed as they would 
constitute “a substitute for arithmetical knowledge and skills.” However, we 
consider that medical students, doctors, and other healthcare staff taking drug 
dose calculation tests and other tests of CN should be allowed to use calculators, 
because they are readily available in clinical practice. Furthermore, our results 
suggest that using calculators will not conceal evidence of low CN.  
Our finding that using calculators did not have a positive impact on test 
scores supports the observation that CN is a complex construct that entails more 
than the ability to perform simple mathematical operations. The complexity of CN 
is highlighted by Coben and Weeks (2014), who note that numeracy in nursing 
practice requires being “competent, confident, and comfortable with one’s 
judgments on whether to use mathematics in a particular situation and if so, what 
mathematics to use, how to do it, what degree of accuracy is appropriate, and 
what the answer means in relation to the context.” Another nursing study 
describes four distinct areas of competence necessary for accurate drug dose 
calculation (“the 4 Cs”): computation, conceptualisation, conversion, and critical 
analysis (Johnson and Johnson 2002). Therefore, multiple skills are necessary for 
competence in CN and safe clinical practice: these skills are needed not only for 
drug dose calculation, but also for clinical tasks involving data interpretation, 
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 including basic statistical analysis. Clearly, these skills are required by medical 
students and doctors as well as nursing students and nurses. 
Our results may provide some insight into the type of errors being made by 
doctors and medical students in the MINT. We consider that these errors may 
relate to one or more of the “4 Cs”. Research in nursing practice has shown that 
using calculators reduces the incidence of computational errors, but has no impact 
on conceptual errors (Murphy and Graveley 1990; Bliss-Holtz 1994). Our finding 
that the two questions for which calculators improved performance were 
computational accords with this literature. Similarly, our finding that calculators 
did not influence mean test scores may indicate that participants are primarily 
making conceptual rather than computational errors. Furthermore, errors may 
occur when converting between different units of measurement: Wheeler et al. 
(2004, 2007) note that doctors commonly make such errors in drug dose 
calculation. Finally, participants in our study may not have critically analysed 
their answers to assess whether they were likely to be correct. There is evidence 
that errors made by bioscience students (Tariq 2008) and nursing students 
(Galligan and Hobohm 2015) in numeracy tests are often due to failure to cross-
check their answers; therefore, it is likely that medical students also make this 
type of error. Determining the type of error being made is an important step in 
developing appropriate educational intervention, because successful remediation 
requires that the intervention is targeted at the area of weakness (Wallace 2019). 
Further research is needed in this area. 
The lack of impact of calculators on MINT scores in this study reinforces our 
original observation that some doctors have low CN. This finding is important in 
relation to patient safety, as errors in drug dose calculation and in data 
interpretation may lead to serious patient harm (Lesar et al. 1997; Hughes and 
Edgerton 2005; Gleason et al. 2010; Gigerenzer and Gray 2011; Abramson et al. 
2012; Seden et al. 2013; Vincent et al. 2014; Williams and Walker 2014; 
Malhotra et al. 2015). Moreover, the finding that calculators do not overcome 
apparent deficiencies in CN is supported by the observation that the introduction 
of electronic prescribing has had less impact on the prevalence of medication 
errors than was initially anticipated (Tully 2012; Ahmed et al. 2016). Further 
work is required to elucidate how and why doctors and medical students make 
errors in tests of CN, as this may have implications for their clinical practice and 
their education.  
We asked participants to report on gender because there is evidence that 
female gender may be associated with lower numeracy (Sikorskii et al. 2011; 
Stoet and Geary 2013; Bagnasco et al. 2016). However, a study by Bridgeman et 
al. (1995) and a large meta-analysis by Lindberg et al. (2010) found no difference 
in mathematical ability related to gender; nonetheless, Lindberg et al. (2010) 
found strong evidence of stereotyping girls and women as being inferior at 
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 mathematics. In our study, participants identifying as male performed better than 
those identifying as female. We consider that further research into the association 
of gender and CN in medical students and doctors could help tease apart different 
CN constructs to see if some of the different findings are related to gender effects 
on  different aspects of numeracy. 
We recorded dyslexia because of the overlap between dyslexia and 
dyscalculia (Gibson and Leinster 2011; British Dyslexia Association 2017). We 
found no statistically significant difference in performance of participants with 
dyslexia, compared to non-dyslexic participants.  
Limitations 
All participants in this study were from a single medical school, and so effects 
might be related to the context of the course itself, although this is unlikely due to 
the random allocation between groups. Furthermore, drug dose calculation is a 
complex task, for which several distinct competencies are required, and we have 
explored only one area of competence. Nonetheless, we consider that our findings 
provide insight into the type of numeracy errors made by doctors and medical 
students, and may be valuable in terms of determining the direction of educational 
intervention to remediate drug calculation error.  
Conclusion 
Using calculators did not affect overall MINT score. We consider that this 
outcome may be related to two key factors: first, because a large proportion of the 
test material can be classified as either calculator-inappropriate or calculator-
optional, a calculator would not be expected to confer any benefit; and second, 
our findings suggest that the errors being made in the MINT are not remediable 
by using calculators, i.e., the errors are conceptual rather than arithmetical. This 
finding has implications for educational intervention to reduce drug calculation 
errors in doctors and medical students.  
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